Objectives: Assessment of the fetal behavior in normal and high-risk pregnancy during second and third trimesters.
INTRODUCTION
Fetal behavior represents activities of the fetus documented by means of ultrasound examination. [3] [4] [5] [6] The introduction of 4D ultrasound in obstetrics practice allowed following the fetal movements and facial expressions. Noticing abnormal behavior can be useful in the early detection of neurological disorders, 7 the most serious of which being cerebral palsy. Fetal behavior is in strong connection with the development and maturation process of the central nervous system. 4, 8 Based on this idea, a neurological score was developed, based on quantitative and qualitative antenatal assessment of some fetal parameters (antenatal neurological score KANET. 9 4D ultrasound enables simultaneously three-dimensional following of head, body and limbs movements in real time and offers a practical means for assessment of both the brain function and structure. 10 In the early 2nd trimester, 4D US provides simultaneous visualization of all four extremities and enables depiction of isolated arm movements and their direction. 11 Simultaneous imaging of complex facial movements was not possible using real-time 2D sonography. 12 Therefore, this new technology allows the appearance and duration of each facial movement and expression to be determined and measured. 13 With 4D US, it is now feasible to study a full range of facial expressions, including smiling, crying, scowling, mouthing and eyelid movements.
14 During 40 weeks of gestation, the repertoire of fetal activities constantly expands, correlating precisely with structural development of the central nervous system (CNS). 15 Major developmental events, such as the establishment of neural connections in the different regions of the brain, are accompanied by the occurrence of new patterns of fetal activity or with the transformation of the existing patterns. 15 Understanding the relationship between fetal behavior and brain developmental processes in different periods of gestation makes it possible to distinguish between normal and abnormal CNS development and early diagnosis of various structural and functional abnormalities. 3, 7, 16 
AIM
The aim of the research was to distinguish between and assess normal and abnormal fetal behavior and to illustrate how the assessment of fetal behavior can facilitate early diagnose of neurological diseases.
The goal of 4D ultrasound procedure is to discover whether the quality of fetal movements and facial expressions can also be used to diagnose prenatal neurological disorders.
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FETAL BEHAVIOR AS POSSIBLE SCREENING METHOD OF NEUROLOGICAL DISEASES
According to the recent studies, many neurological disorders, such as minimal cerebral dysfunction, schizophrenia, epilepsy or autism could result at least in part from prenatal neurodevelopment problems. 17, 18 Clinical and epidemiological studies have shown that even cerebral
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palsy (CP) most frequently results from prenatal rather than postnatal causes. 19, 20 The purpose of early diagnosis of CP could be important from the point of view of the infant, the mother, the family and the gynecologists who are often held responsible for brain damage in neonates. 2, 3 The fetal behavior may be influenced by a number of external factors, such as cigarettes smoking, 21 corticosteroids for fetal lung maturation 22 which can decrease the number of spontaneous fetal movements. 3, 23 It has been known that qualitative alteration of general movements can be observed in preterm and term newborns cerebral injury. 24, 25 Their movements can be monotone, lack in complexity, are repetitive, chaotic and involve muscle contraction. 3, 25 The general movements are diagnose as normal if the movements are complex, fluent, including neck, trunk and limb movements, and wax and wane in their intensity. 9, 25 Qualitative alterations in fetal movements have been observed in several conditions, such as diabetes mellitus, intrauterine growth restriction, hypertension, threatened preterm delivery with preterm premature rupture of membranes (PPROM). The quality of fetal movement patterns is altered in fetuses suffering from intrauterine growth restriction. The movements become slower, monotonous, resembling cramps, and their variability in the strength and amplitude is reduced. These changes could indicate the existence of brain lesions in growth restricted and possibly hypoxic fetuses. 26 Fetuses with IUGR show changes in amplitude and complexity of fetal movements which do not appear due to oligohydramnios. 9 In cases of premature rupture of fetal membranes and subsequently reduced volume of amniotic fluid, movements occur less frequently, but their complexity resembles that of movements performed in the normal volume of amniotic fluid. 26 Abnormal movements are monotone, lack in complexity, are repetitive, chaotic and involve muscle contraction. These changes might indicate the existence of brain lesions in grow-restricted and possibly hypoxic fetuses.
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MATERIALS AND METHODS
This is a prospective longitudinal study conducted in the Department of Obstetrics and Gynecology in Elias Hospital from Bucharest over a 3 years period (January 2009-May 2011). The study included two groups of pregnant women. The first group included 135 women with maternal or fetal high-risk pregnancies and the second group included 61 women with normal pregnancies (control group).
Inclusion Criteria
1. Pregnant women with maternal or fetal high-risk pregnancies (Table 1) .
2. Singleton pregnancies assessed normal after 2D ultrasound examination. We excluded from the study fetuses with chromosomal abnormalities, smoking and alcohol consuming mothers. Both groups were examined by 4D ultrasound using Voluson 730 with 5 MHz transabdominal transducer. Each examination lasted between 15 and 30 minutes. All patients signed an informed consent to be included in the study. We evaluated quantitatively and qualitatively 10 fetal parameters and graded them from 0 to 2. By adding up these figures, we calculated KANET scores for each lot and subgroup of diseases.
In this study, we compared: • KANET scores of low and high-risk group fetuses • Distribution of fetuses from each KANET subgroup • Significance of individual parameters of KANET score • Pattern of movements in threatened preterm delivery subgroup and in pregnancies complicated by IUGR vs control group. In order to calculate the KANET score, we evaluated the following parameters in the two groups of pregnant women: Isolated head anteflexion, overlapping cranial sutures and head circumference, isolated eye movements, facial expressions and mouthing (grimace and tongue expulsion), isolated hand movements, isolated leg movements, hand to face movements, finger movements and thumb position (neurologic thumb) 2 and qualitative assessment of general movements. There is a three-point scale for isolated head anteflexion, isolated hand, leg, hand to face and finger movements, while for the assessment of cranial sutures, isolated eye blinking, facial alterations and mouth opening were scored with numbers from 0 to 2. Except head anteflexion and isolated eye movements, all parameters included in the KANET score calculation showed statistically significant differences in the two groups.
Examined Parameters 1,3,12
1. Head anteflexion • Normal-most often are at slow speed, not associated with general movements, sometimes can be sudden and rapid 1 • Abnormal-abrupt or rigid movements • Borderline-between 6 and 13 • Abnormal-between 0 and 5.
RESULTS
We found a statistically significant difference (p < 0.001) of the KANET score values in the two groups of pregnant women by applying Mann-Whitney U-test (Table 2 , Fig. 1) .
In Table 3 , we presented the distribution of fetuses as normal, borderline and abnormal after KANET scoring. We used Chi-square test and obtained a statistically significant difference between the two groups of fetuses of pregnant women (Table 3 , Fig. 2 ).
Using Kruskal-Wallis and Conover-Inman tests, we compared KANET scores of each subgroup of high-risk pregnancies to the control group (low-risk pregnancies). We found statistically significant differences in pregnancies complicated by threatened preterm delivery, intrauterine growth restriction, diabetes, hypertension above 160/ 100 mm Hg, Rhesus isoimmunization with fetal hydrops and polyhydramnios (Table 4) . 
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Pregnancies complicated by hypertension below 160/100 mm Hg, Rh isoimmunization without fetal hydrops, pregnancies complicated by cerebral palsy and pregnancies with a history of diabetes were not statistically significant. The results obtained on the subtypes of diseases were compared using the Chi-square test: Hypertension above 160/100 mm Hg vs hypertension below 160/100 mm Hg, gestational diabetes vs type II diabetes, threatened preterm delivery with PPROM vs without PPROM, IUGR with MCA RI changes vs normal MCA RI and Rh isoimmunization with hydrops fetalis vs Rh isoimmunization without hydrops fetalis (Table 5 ).
In the high-risk pregnancy group, we found the following distribution: The highest percentage of abnormal KANET score was in threatened preterm delivery with PPROM (25%). The highest incidence of fetuses with borderline KANET score was in IUGR with MCA RI changes (50%) and threatened preterm delivery with PPROM (50%). Most fetuses with normal KANET score came from pregnancies complicated by Rh isoimmunization without hydrops fetalis (96%) and pregnancies complicated by hypertension below 160/100 mm Hg (92.3%). The KANET scores for fetuses in different subgroups of highrisk pregnancies are shown in the Table 5 .
In Table 6 , we compared each parameter used in KANET score calculation on the two groups and found statistically significant values for the following parameters: Cranial sutures, facial expressions, mouthing, isolated arm movements, isolated leg movements, hand to face movements, finger movements and the gestalt perception of the general movements. Head anteflexion and isolated eye blinking were not statistically significant.
Further, we analyzed the incidence of the fetal movements frequency in threatened preterm delivery and in pregnancies complicated by IUGR vs control group between 28 and 36 weeks of gestation.
The figures illustrate a comparison between normal and threatened preterm delivery fetuses by examining facial expressions and fetal movements at the end of the 2nd trimester and the ones in the 3rd trimester. The median value of all movement patterns in the normal fetuses differed from that in fetuses with threatened preterm delivery. Statistical evaluation (rank-sum test) revealed statistically significant differences in isolated eye blinking, head movements, yawning, grimacing, swallowing, mouthing, hand to face, hand to eye, hand to mouth and hand to head movements (p < 0.05) (Figs 3 to 26) . Tongue expulsion and hand to ear movements have not displayed statistical significance (Figs 27 to 30) .
Linear and polynomial regressions showed that all head and hand movements, isolated eye blinking, mouthing, swallowing had a negative slope between frequency and gestational age. Tongue expulsion, grimacing and yawning displayed a constant incidence in this period.
The statistical analysis of the incidence of fetal movements and facial expressions in normal and the pregnancies complicated by IUGR revealed statistically significant changes in isolated eye blinking, head movements, yawning, grimacing, swallowing, mouthing, hand to face, hand to eye, hand to mouth and hand to head movements, tongue expulsion and hand to ear movements (p < 0.05) (Figs 31 to 58) . We found a tendency for threatened preterm delivery fetuses and fetuses came from pregnancies complicated by IUGR to have less behavioral activity than normal fetuses in all of the observed movement patterns.
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DISCUSSION
During this study, we found significant differences in fetal movements in the two groups. In normal pregnancies, most fetuses (93.4%) achieved a normal KANET score compared to 78.5% of the fetuses from high-risk pregnancies. Borderline and abnormal scores percentages became dominant in high-risk pregnancies.
In the high-risk pregnancy group, most abnormal KANET scores were in pregnancies complicated by threatened preterm delivery with PPROM (25%). Most fetuses from pregnancies complicated by intrauterine growth restriction with MCA RI changes and by hypertension above 160/100 mm Hg achieved borderline score (50%). We found the highest percentage of normal fetal movements in pregnancies complicated by Rh isoimmunization without hydrops fetalis (96%).
In this study, the characteristics of reduced speed and amplitude were found in the threatened preterm delivery group. There was a reduction of both number and duration of general movements in the IUGR group. The growth restricted (IUGR) fetuses moved less and their general movements were poorly organized. Alterations in the quality of fetal movements were accompanied by considerable decreases in the quantity of fetal movements.
